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, $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ , , ,
[6] . ,
( ) $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ ( )
. 1 2 ,





















, 2 . 2 [5] .
LL1 $(\mathcal{L}_{2})$ . $2$ $\mathcal{L}_{2}$ , $x,$ $y,$ $z,$ $\ldots$ $X,$ $\mathrm{Y},$ $Z,$ $\ldots$
2 . 0, 1 ,
, $s,$ $t$ , $X$ $s=t,$ $s<t,$ $s\in X$
. $\neg,$ $\wedge,$ $\vee,$ \rightarrow
$\forall,$
$\exists$ .
LL2 ( ). (quantffler free formula, $\mathrm{q}.\mathrm{f}$.
formula) , $(\forall, \exists)$ . $\Sigma_{0}^{0}$ ,
$\forall x$ $\exists x<t$ ( $x$ , $t$ $x$ )
. $\Sigma_{0}^{0}$ 00 , $\Delta_{0}^{0}$ .
$\Sigma_{n+1}^{0}$ , $n0$ $\varphi(x)$ ,
$\exists x\varphi(x)$
. , $\varphi(x)$ ( $x$ )
. . $\Pi_{n+1}^{0}$ , $\Sigma_{n}^{0}$ $\varphi(x)$ ,
$\forall x\varphi(x)$
. $\Sigma_{0}^{1}$ , $n$ $\Sigma_{n}^{0}$
. $\Sigma_{0}^{1}$ 01 , $\Delta_{0}^{1}$ . $\Sigma_{n+1}^{1}$
, $n1$ $\varphi(X)$ ,
$\exists X\varphi(X)$
. $\Pi_{n+1}^{1}$ , $\Sigma_{n}^{1}$ $\varphi(X)$ ,
$\forall X\varphi(X)$
. $i=0,1,j=0,1,$ $\ldots$ , $\Sigma_{j}^{i}$ , $\Pi_{j}^{i}$




$\tilde{\pi}\# 1.1.3(\Sigma_{0}^{0}(\Gamma))$ . $\Gamma k-\ovalbox{\tt\small REJECT} \mathrm{g}\ovalbox{\tt\small REJECT}.\sigma$) $\ovalbox{\tt\small REJECT}_{\mathrm{D}}^{\mathrm{A}}kT$. $\Gamma\}_{-}’$ ET $6^{-}\ovalbox{\tt\small REJECT} \mathrm{E}\mathrm{R}^{\backslash }k*_{\tilde{\mathrm{P}}^{\mathrm{B}}}\mathrm{a}\mathrm{f}\mathrm{f}\mathrm{i}_{\mathrm{D}\overline{\overline{\mathrm{Q}}}}^{\mathrm{A}-}-\mathrm{E}\dot{\mathrm{p}}$ ,
$\Sigma_{0}^{0}(\Gamma)$ . $\Sigma_{0}^{0}(\Gamma)$
$\Sigma_{0}^{0}(\Gamma)$ .
LL4 ( ). $\Gamma$ . 4
.
$\Gamma- 1\mathrm{N}\mathrm{D}$ ( $\Gamma$ ) : $[\varphi(0)\wedge\forall x(\varphi(x)arrow\varphi(x+1))]arrow\forall x\varphi(x)$
r-CA( $\Gamma$ ) : $\exists X\forall i(i\in Xrightarrow\psi(i))$
$\Gamma$-BCA( $\Gamma$ ) : $\forall n\exists X\forall i(i\in Xrightarrow(i<n\wedge\psi(i)))$
$\Gamma$-LNP( $\Gamma$ ) : $\exists x\varphi(x)arrow\exists x[\varphi(x)\wedge\forall y<x\neg\varphi(y)]$
, $\varphi,$ $\psi\in\Gamma$ , $\psi$ $X$ .
LL5 $(\mathrm{R}\mathrm{C}\mathrm{A}_{0})$ . $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ $\mathcal{L}_{2}$ , $(\omega, +, \cdot, 0,1, <)$ &
( , $\omega$ ) $\Sigma_{1}^{0_{-}}1\mathrm{N}\mathrm{D}$ $\Delta_{1}^{0}$
$\forall n(\varphi(n)rightarrow\psi(n))arrow\exists X\forall n(n\in Xrightarrow\varphi(n))$
( $\varphi$ $\Sigma_{1}^{0}$ , $\psi$ 01 $X$ ) .
$\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ , 2 1 .
$i,j$ $\langle i,j\rangle$ . , .
$s_{0},$ $s_{1},$ $\ldots,$ $s_{n}$
$\langle s_{0}, s_{1}, \ldots, s_{n}\rangle$ . Seq ,
0, 1 $\mathrm{S}\mathrm{e}\mathrm{q}_{2}$ . ,
. $s^{\wedge}t$ $s,t$ , (s): $s$ $i+1$
. ,
$s=\langle s_{0}, s_{1}, \ldots, s_{n}\rangle$
, $(s):=s_{i}$ . , $1\mathrm{h}(s)$ $s$ , $i\leq 1\mathrm{h}(s)$
, $s[i]$ $\langle$ $(s)_{0},$ $(s)_{1},$ $\ldots,$ $(s):-1)$ . $1\mathrm{h}(s)=n,$ $(s)_{1}$. $=n,$ $s^{\wedge}t=u$
$\Sigma_{0}^{0}$ . ,
$\forall i\leq n(S:\leq s_{1}’.)\Rightarrow\langle s_{0}, s_{1}, \ldots, s_{n}\rangle\leq\langle s_{0}’, s_{1}’, \ldots, s_{n}’\rangle$
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.$f$ $\mathrm{Y}$ $Z$ , $f$ $\mathrm{Y}$ $y$ $Z$ $z$ . $\langle y, z\rangle$
,
$\forall y\in \mathrm{Y}\exists z\in Z(\langle y, z\rangle\in f)$
$\forall x\forall y\forall y’(\langle x, y\rangle\in f\wedge\langle x, y’\rangle\in farrow y=y’)$
. , , $\lambda x.\mathrm{O}$ ,
$\lambda x.x+1$ , $\lambda x_{0}x_{1}\ldots x_{i}.x_{j}(0\leq j\leq i)$ ,
, $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$
. [5] .
, $\Gamma$ , $\varphi$ $\psi\in\Gamma$ $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$
, $\varphi$ $\Gamma$ .
$\varphi,$




1.1.6. $k$ , $\varphi\in\Pi_{k}^{0}$ . $\mathrm{R}\mathrm{C}\mathrm{A}_{0}+\Sigma_{k+1}^{0}$ -IND
$\forall x<v\exists y\varphi(x, y)arrow\exists u\forall x<v\exists y<u\varphi(x, y)$
, $\forall x<v\exists y\varphi(x, y)$ $\Sigma_{k+1}^{0}$ ( $\mathrm{R}\mathrm{C}\mathrm{A}_{0}+\Sigma_{k+1^{-}}^{0}1\mathrm{N}\mathrm{D}$ ) .
$k$ .
$k=0$ . $\forall x<a\exists y\varphi(x, y)$ . $\psi(v)\equiv\exists s\forall x<v\exists y<s\varphi(x, y)\vee$
$a<v$ . $\Sigma_{1}^{0}$ , $\psi(0)$ $\psi(v)arrow\psi(v+1)$ , $\Sigma_{1}^{0}$-IND
$\forall v\psi(v)$ . $\psi(a)$ , $\exists s\forall x<a\exists y<s\varphi(x, y)$ . $\exists u\forall x<v\exists y<u\varphi(x, y)arrow$
$\forall x<v\exists y\varphi(x, y)$ , $\forall x<v\exists y\varphi(x, y)$ $\Sigma_{1}^{0}$ $\exists u\forall x<v\exists y<u\varphi(x, y)$
.
$k>0$ .. , $\forall x<a\exists y\varphi(x, y)$ , $\psi(v)\equiv\exists s\forall x<v\exists y$
$s\varphi(x, y)\vee a<v$ . , $\exists y<s\varphi(x, y)rightarrow\neg(\forall y<s\neg\varphi(x, y))$ , f
$\psi$ $\Sigma_{k+1}^{0}$ . $k=0$ .
, , .
LL7 ( , , ). $k$ , $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$




L1.8 $(\mathrm{W}\mathrm{K}\mathrm{L}_{0}, \mathrm{A}\mathrm{C}\mathrm{A}_{0})$ . $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ “ 2 $(\subseteq \mathrm{S}\mathrm{e}\mathrm{q}_{2})$ ”
$\mathrm{W}\mathrm{K}\mathrm{L}_{0}$ . $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ $\Sigma_{0^{-}}^{1}\mathrm{C}\mathrm{A}$
$\mathrm{A}\mathrm{C}\mathrm{A}_{0}$ .
1.2 2




. , , .
L2.1 ( , ). $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ , , $\langle q_{k} : k\in \mathrm{N}\rangle$
,
$\forall k\forall i(|q_{k}-q_{k+:}|\leq 2^{-k})$
. $x=\langle q_{k} : k\in \mathrm{N}\rangle,$ $y=\langle q_{k}’ : k\in \mathrm{N}\rangle$ , $x$
$x+y=\langle q_{k+1}+q_{k+1}’ : k\in \mathrm{N}\rangle$
$xy=\langle q_{k+m}+q_{k+m}’$ : k\in p
$-x=\langle-q_{k} : k\in \mathrm{N}\rangle$
( , $m$ $\max(|q_{0}|,$ $|q_{0}’|)+1\leq 2^{m-1}$ ) .
, $t$ , $x_{0},$ $x_{1},$ $\ldots,$ $x_{n}$ , $t(x_{0}, x_{1}, \ldots, x_{n})$
$x$: , . , $x,$ $y$ ,
$y(x/y)=x(y\neq 0)$ , $x/0=.0$
$x/y$ ( 1.2.4 ).
$x=\langle q_{k} : k\in \mathrm{N}\rangle,$ $y=\langle q_{k}’$ : $k\in \mathrm{N}$ ,
$x\leq y\equiv\forall k(q_{k}\leq q_{k}’+2^{-k+1})$
102
, $x<y\equiv\neg(y\leq x),$ $x=y\equiv(x\leq y\wedge y\leq x)$ .






. $(x, y)$ $x+y\sqrt{-1}$ .
L22( , ). $X$ , $i\in \mathrm{N}$
,
$(X)_{\dot{*}}=\{y|\langle i, y\rangle\in X\}$
( $\Sigma_{0^{-}}^{0}\mathrm{C}\mathrm{A}$ ). $E$ , \sim
$(E)_{i}$ . $E$ $l$ , $i<l$
$(E)_{i}$ . ( ) $\mathrm{R}^{\mathrm{N}}$ ,
$l$ ( ) $\mathbb{R}^{l}$ . ,
, ( ) $\mathbb{C}^{\mathrm{N}}$ , $l$
( ) $\mathbb{C}^{l}$ .
$\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ , , .
L23. $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ . $n\in \mathrm{N}$ . $n$
( ) $E$ ,
$i\in Xrightarrow(i<n\wedge(E)_{i}=0)$
$X$ .
$(E)_{i}=0$ $\Pi_{1}^{0}$ , $\Pi_{1}^{0}$-BCA .
L2.4. $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ . $n\in \mathrm{N}$ . $n$
( ) $E$ , $n$ ( ) $F$ , $(F):–1/(E)_{i}$
.
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. , $i\in Xrightarrow(i<n\wedge(E):=0)$ $X$
. , $n$ $\mathrm{F}^{1}\mathrm{J}$ $s$ , $i\not\in X$ , $(s)_{i}$
$|((E)_{i})_{m}|>2^{-m+1}$
$m$ . , ,
$j\in \mathrm{N}$
$|((E):)_{(s):+j}|\geq 2^{-(s)_{i}+1}-2^{-(s)_{i}}=2^{-(s):}$
. $F$ . $i\in X$ $((F):)_{k}=0$ , $i\not\in X$
$((F):)_{k}=1/((E):)_{k+2(s)_{t}}$ . $(F):=0$ , ,
$j\in \mathrm{N}$ ,







(F): . $(F):=1^{\cdot}/(E)$ :
$\langle$ $((E):)_{k}$ : $k\in \mathrm{p}\text{ }=\langle((E):)_{k+2(s)}: : k\in \mathrm{N}\rangle$










2.1.1(ACF(0), RCOF). $\mathcal{L}_{\mathrm{A}\mathrm{F}}$ $(\langle+, -, \cdot, /, 0,1, =\rangle)$ .
A $\mathcal{L}_{\mathrm{A}\mathrm{F}}$ , .
$x+0=x$ , $x+y=y+x$ , $x+(y+z)=(x+y)+z$ , $x+(-x)=0$
$x\cdot 0=0$ , $x\cdot 1=x$ , $x\cdot y=y\cdot x$ , $x\cdot(y\cdot z)=(x\cdot y)\cdot z$
$x/0=0$ , $x\neq 0arrow x\cdot(y/x)=y$
$1\neq 0$ , $x\cdot(y+z)=(x\cdot y)+(x\cdot z)$
ACF(0) A .
0 $(n\geq 2)$
$\forall x_{0}\forall x_{1}\cdots\forall x\exists y(x_{n}\neq 0arrow x_{0}+x_{1}y+\cdots+x_{n}y^{n}=0)$ $(n\geq 1)$
0 .




$\forall x_{0}\forall x_{1}\cdots\forall x_{n}\forall y\forall z($
$(y<z\wedge x_{0}+x_{1}y+\cdots+x_{n}y^{n}<0<x_{0}+x_{1}z+\cdots+x_{n}z^{n})$
$\Rightarrow\exists u(y<u<z\wedge x_{0}+x_{1}u+\cdots+x_{n}u^{n}=0))$ $(n>0)$
. .
, $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ ACF(0), RCOF ( , ,
( ) , ACF(0), RCOF $v_{0},$ $v_{1},$ $\ldots$
. , $t’$ $t$ , $t’$ $t$
105
-. $\mathrm{g}\triangleright\#_{\vee}’,$ $\mathrm{A}\mathrm{C}\mathrm{F}(0)$ , RCOF $\sigma$) $\mathrm{f}\mathrm{f}\mathrm{i}\#_{\backslash }\sigma)^{-}\ovalbox{\tt\small REJECT}\not\in*\cdot k’\epsilon\sigma 2\mathrm{R}\mathrm{C}\mathrm{A}_{0}\iota_{\vee}^{\sim}k^{\backslash }l1o\supset-$ }$\backslash \cdot*\mathrm{g}\mu_{1\backslash \backslash }.\iota=\Pi\overline{\mathfrak{o}}$
. , $E$ , $A$ , $E_{A}^{1}$
.
$E$ $i$
$A$ . $E$ $A$
.
21.2( $l$ ). $E$ , $l$ # ,









2.13. $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ . $E$ , $l$ ,
$l$ . , $l$ . $V_{E}$ $E$
$l$ , $V_{E}’$, $E’$ $l’$ , $s$ $s$ $l$ $l’$









2.1.4( ). $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ $\Delta_{2}^{0}$ $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathbb{C}}(x, E),$ $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(x, E)$ , 3
.
1) . ,
SAT tl $=t_{2},$ $E$) $\Leftrightarrow$ $l$ $V_{E}$ , $V_{E}(t_{1})=V_{E}(t_{2})$
$\Leftrightarrow$ $l$ $V_{E}$ , $V_{E}(t_{1})=V_{E}(t_{2})$
$\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(t_{1}<t_{2}, E)$ $\Leftrightarrow$ $l$ $V_{E}$ , $V_{E}(t_{1})<V_{E}(t_{2})$
$\Leftrightarrow$ $l$ $V_{E}$ , $V_{E}(t_{1})<V_{E}(t_{2})$
$\forall i\leq n\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi:, E)$ $\Leftrightarrow$ $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathbb{C}}(\varphi_{0}\wedge\varphi_{1}\wedge\cdots\wedge\varphi_{n}, E)$
$\exists i\leq n\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi:, E)$ $\Leftrightarrow$ $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathbb{R}}(\varphi_{0}\vee\varphi_{1}\vee\cdots\vee\varphi_{n}, E)$
$\neg \mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi, E)$ $\Leftrightarrow$ $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\neg\varphi, E)$
$\forall A.\in \mathbb{R}(\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi, E_{A}^{1}. ))$ $\Leftrightarrow$ $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\forall v:\varphi, E)$
$\exists A\in \mathbb{R}(\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi, E_{A}^{\dot{\iota}}))$ $\Leftrightarrow$ $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\exists v:\varphi, E)$ .
2) . ,
$(\mathrm{R}\mathrm{C}\mathrm{O}\mathrm{F}\vdash\varphi)\Leftrightarrow\forall E\in \mathbb{R}^{\mathrm{N}}\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi, E)$ .
3) $E,$ $E’\in \mathbb{R}^{\mathrm{N}}$ $\varphi$ , $i$ $\mathrm{r}v$: $\varphi$
(E)i=(E’)i
$\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi, E)\Leftrightarrow \mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi, E’)$
.
$\mathrm{S}\mathrm{A}\mathrm{T}_{\mathbb{C}}$ “ ” ,
$(\mathrm{A}\mathrm{C}\mathrm{F}(0)\vdash.\varphi)\Leftrightarrow\forall E\in \mathbb{C}^{\mathrm{N}}\mathrm{S}\mathrm{A}\mathrm{T}_{\mathbb{C}}(\varphi, E)$
. , $E,$ $E’\in \mathbb{C}^{\mathrm{N}}$ $\varphi$ , H $\mathrm{r}v$: $\varphi$
(E)i=(E’)i
$\mathrm{S}\mathrm{A}\mathrm{T}_{\mathbb{C}}(\varphi, E)\Leftrightarrow \mathrm{S}\mathrm{A}\mathrm{T}_{\mathbb{C}}(\varphi, E’)$
.
2.15( ). $\langle \mathrm{N}, +, \cdot, 0,1, =, <\rangle$ “
” $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{N}}$ $\Sigma_{0}^{1}$ $\Delta_{1}^{1}$




22.1. $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}$ .
$\forall n[\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\exists v_{::_{\hslash-1}}\exists v\cdots\exists v\varphi 01’ E)\Rightarrow\exists A\in \mathbb{R}^{n}(\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi, E_{(A)_{0},(A)_{1},\ldots,(A)_{n-1}}^{1}.0^{11\prime},\cdot\ldots,i_{n-1}))]$
, $E_{(A)_{0},(A)_{1},\ldots,(A)_{n-1}}^{|0,|1^{1_{\hslash-1}}}..’\ldots,\cdot$ , $k$ , $E$ $i_{k}$ $(A)$ :
.
, \Rightarrow \Leftarrow [6]




















$\exists v\varphi(v,\tilde{w})$ $rightarrow$ $\exists v\varphi_{1}(v,\tilde{w})\vee\exists v\varphi_{2}(v,\tilde{w})\vee\cdots\vee\exists v\varphi l(v,\tilde{w})$
$rightarrow$ $\varphi_{1}(t_{1}^{1}(\tilde{w}),\tilde{w})\vee\varphi_{1}(t_{2}^{1}(\vec{w}),\tilde{w})\vee\cdots\vee\varphi_{1}(t_{k_{1}}^{1}(\vec{w}),\vec{w})$
$\varphi_{2}(t_{1}^{2}(\tilde{w}),\tilde{w})\vee\varphi_{2}(t_{2}^{2}(\tilde{w}),\tilde{w})\vee\cdots\vee\varphi_{2}(t_{k_{2}}^{2}(\tilde{w}),\tilde{w})$






. , $\varphi$ $\wedge$ $\alpha_{1}\wedge\alpha_{2}\wedge\cdots\wedge\alpha_{k}$
.
$t$ $m$ , $mt$ $t$ $m$ ,
, $\alpha_{i}$ $mv<t,$ $mv=t,$ $mv>t(m\in \mathrm{N},$ $\mathrm{t}$ $v$














. , $\alpha_{j}$ $v$ . , $\varphi$
$m_{1}v<r_{1}\wedge\cdots\wedge m_{k_{0}}v<r_{k_{0}}$
$\wedge m_{1}’v=r_{1}’\wedge\cdots\wedge m_{k_{1}}’ v=r_{k_{1}}’$
$\wedge m_{1}’’v>r_{1}’’\wedge\cdots\wedge m_{k_{2}}’’v>r_{k_{2}}’$
’
( , $mj,$ $m_{j}’,$ $m_{j}’’$ , $r_{j},$ $r_{j}’,$ $r_{j}’’$ $v$ ., / )
. $k_{1}\geq 1$ , $k=1,$ $t_{1}=r_{1}’/m_{1}’$ . $k_{1}=$
$0,$ $k0>0,$ $k_{2}>0$ , $\exists v\varphi(v)$ , $r:/m$: $r$
$r_{1’}’’.,/m_{-\prime}’’$, $r”$ ,
$r”<(r+r’’)/2<r$ , $\{k_{n}\}$ $(r:/m:+r_{1’}’’.,/m_{1’}’’.,)/2$
. $k_{0}$
.
$=k_{1}=0,$ $k_{2}>0$ , $r_{1’}’’.,/m_{1’}’’.$, $r”$ $v$
$\varphi(v)$ , $\{k_{n}\}$ $r_{1}’.1,/m_{1}’.t_{t}’+1$ .
, $k_{2}=k_{1}=0,$ $k_{0}>0$ , $\{k_{n}\}$ $r:/m_{i}-1$ .
RCOF $\varphi$ , / $1+\cdots+1$
, $\varphi$ ., /
. .







2. ., / $\psi$ , ., /
, $\psi$ RCO . $\text{ }$
, SSC .
2.2.4. ., / $\varphi$ ,
$\forall n[\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\exists v:_{0}\exists v:_{1}\cdots\exists v_{i_{n-1}}\varphi, E)\Rightarrow\exists A\in \mathbb{R}^{n}(\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi, E_{(A)_{0},(A)_{1},\ldots,(A)_{n-1}}^{1}.0,|.1,\ldots,_{n-1}))]$
.
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2 , $\varphi$ . 1
, $v_{i_{0}},$ $v_{i_{1}},$ $\ldots,$ $v$: $\mathrm{A}\mathrm{F}$ $\mathrm{t}_{1},$ $\mathrm{t}_{2},$ $\ldots,$ $\mathrm{t}_{k}$ ,
RCOF $\vdash 1\exists v_{1}.\exists v:\cdots\exists v:_{\hslash-1}01\varphi(v_{0}, v:_{1}, \ldots , v:_{\hslash-1},\tilde{w})$
$rightarrow\varphi(\mathrm{t}_{1}(\vec{w}),\tilde{w})\vee\varphi(\mathrm{t}_{2}(\tilde{w}),\tilde{w})\vee\cdots\vee\varphi(\mathrm{t}_{k}(\tilde{w}),\tilde{w})]$
. SAT \exists v*$\cdot$0\exists v:1. . $\exists v:_{\hslash-1}\varphi(v_{1}. v_{i_{1}}0,, \ldots, v:_{\hslash-1},\tilde{w}),$ $E)$
, $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi(\mathrm{t}_{1}(\tilde{w}),\tilde{w})\vee\varphi(\mathrm{t}_{2}(\tilde{w}),\vec{w})\vee\cdots\vee\varphi(\mathrm{t}_{k}(\vec{w}),\vec{w}),$ $E)$ .
, $i\leq k$ $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi(\mathrm{t}_{i}(\vec{w}),\tilde{w}),$ $E)$ . , 2.1.4 ,





, $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ . 2.2.1 [6]
, .
, 222, 223, 2.2.4 (ACF(0)) (
) .
2.3
, $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ . , [8]
, $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ ,
, ( ) $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$
.
23.1. $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ . , ,
. .
$\mathrm{E}$ . $\mathrm{E}$ $\mathrm{E}[Z]$ . , 1
1 E $\mathrm{E}[Z]^{\star}$ . $\mathrm{E}[Z]$
. , $a_{0}+a_{1}Z+\cdots+a_{N-1}Z^{N-1}+a_{N}Z^{N}=P\in \mathrm{E}[Z]$





$\psi$ : $\mathrm{E}[Z]^{\star}\cross \mathrm{N}arrow \mathrm{E}$ .
$P\in \mathrm{E}[Z]^{\star},$ $N=\deg P$ . , $z\in \mathrm{E}$ $|z|\geq 1+N||P||$
,
$|P(z)|\geq|z|^{N}-N||P|||z|^{N-1}=|z|^{N-1}(|z|-N||P||)>1$
. , $\psi$ $|\psi(P, n)|<1+N||P||$
.
, $\varphi(P, n)(P\in \mathrm{E}[Z]^{\star}, n\in \mathrm{N})$ , $P$
$\varphi(Z-z_{0},n)=\langle z_{0}\rangle$ ,
$N=\deg P>1$ , $\varphi(P, n)=\langle\psi(P, t)\rangle^{\wedge}\varphi(P’, n)$
( , $t=2^{N}\cdot n+2$ , $P’(Z)$ $P(Z)$ $(Z-\psi(P, t))$ , ,
$P(Z)=P(\psi(P, t))+(Z-\psi(P, t))P’(Z))$ .
2.3.3. $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ , . $P\in \mathrm{E}[Z]^{\star},$ $z\in \mathrm{E}$ , $|P(z)|<$
$2^{-2^{\mathrm{d}\cdot e^{\mathrm{p}}}\cdot(\epsilon+1)-1}arrow\exists l<\deg P(|z-(\varphi(P, m))\downarrow|<2^{-s})$ .
$N=\deg P$ $\Pi_{1}^{0_{-}}\mathrm{I}\mathrm{N}\mathrm{D}$ . $N=1$ $|P(z)|<2^{-2^{N}\cdot(s+1)-1}$
, $|(\varphi(P, m))_{0}-z|<2^{-2^{N}\cdot(s+1)-1}<2^{-s}$ . $N>1$ , $t=$
$2^{N}\cdot s+2,$ $P(Z)=P(\psi(P, t))+(Z-\psi(P, t))P’(Z)$ ,
$|(z-\psi(P, t))P’(z)|\leq|P(z)|+|P(\psi(P, t))|$ $<$ $2^{-2^{N}\cdot(s+1)-1}+2^{-t}$
$2^{-2^{N}\cdot s}$ .
, $|z-\psi(P, t)|\leq 2^{-2^{N}\cdot s-1}<2^{-s}$ $|P’(z)|\leq 2^{-2^{N}\cdot\epsilon-1}\leq 2^{-2^{(N-1)}}.(s+1)-1$
. , $N$ , $!^{z-}.(\varphi(P’, m))_{l}|<2^{-s}$
’ $|z-(\varphi(P, m))_{l+1}|<2^{-s}$ .
$P\in \mathrm{E}[Z]^{\star}$ , $\tilde{P}^{n}=(Z-(\psi(P, n))_{0})\cdots(Z-(\psi(P, n))_{\deg P-1})$ .
, $\tilde{P}^{m}$ $P$ $\mathrm{E}$
112
234. $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ , . $P\in \mathrm{E}[Z]^{\star},$ $\deg P=N,$ $m\in \mathrm{N}$
, $||P- \tilde{P}^{m}||<2^{-2^{N}\cdot m+N-1}\cdot(1+\max\{|(\varphi(P, m))_{0}|, \ldots, |(\varphi(P, m))_{N-1}|\})^{N-1}$ .
, $||P-\tilde{P}^{m}||<2^{-2^{N}\cdot m+N-1}\cdot(2+N||P||)^{N-1}$ .
$N=\deg P$ . $N=1$ $P=\tilde{P}^{m}$ .
$N>1$ , $t=2^{N}\cdot m+2,$ $P(Z)=P(\psi(P, t))+(Z-\psi(P, t))P’(Z)$ ,
$P(Z)-\overline{P}^{m}(Z)$ $=$ $P(\psi(P, t))+(Z-\psi(P, t))P’(Z)-\tilde{P}^{m}(Z)$
$=$ $P(\psi(P, t))+(Z-\psi(P, t))(P’(Z)-\overline{P^{\prime^{m}}}(Z))$
,
$||P(Z)-\tilde{P}^{m}(Z)||$
$\leq$ $(1+| \psi(P, t)|)(1+\max\{|(\varphi(P, m))_{0}|, \ldots, |(\varphi(P, m))_{N-1}|\})^{N-2}2^{-2^{N-1}\cdot m+N-2}$
$+2^{-t}$
$\leq$ $(1+ \max\{|(\varphi(P, m))_{0}|, \ldots, |(\varphi(P, m))_{N-1}|\})^{N-1}2^{-2^{N-1}\cdot m+N-1}$ .
[4] . , , –$\text{ }$
.
235. $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ , $\nu$ : Q,0 $\cross$ N$\cross$ N\rightarrow N . $z_{0},$ $\ldots,$ $z_{N-1}$ ,
$w_{0},$ $\ldots,$
$w_{N-1}\in \mathrm{E},$ $P(Z)=(Z-z_{0})\cdots(Z-z_{N-1}),$ $Q(Z)=(Z-w_{0})\cdots(Z-w_{N-1})$
, $||P||<R,$ $||Q||<R,$ $||P-Q||<2^{-\nu(R,N,m)}$ $R\in \mathbb{Q}_{>0}$ ,
0, 1, . . . , $N-1$ $\sigma$ , $|z_{0}-w_{\sigma(0)}|<2^{-m},$ $\ldots,$ $|z_{N-1}-w_{\sigma(N-1)}|<2^{-m}$
.
$H(R, N)$ , $2^{H(R,N)}\geq(1+NR)^{N}$ , $M(R, N)$ ,
$S\in \mathrm{E}[Z],\cdot z,$ $z’\in \mathrm{E}$ , $||S||<2^{H(R,N)}\wedge|z|<2^{H(R,N)}\wedge|z’|<2^{H(R,N)}arrow$
$|S(z)-S(z’)|\leq 2^{M(R,N)}|z-z’|$ .
$\nu(R, 0, m)=m+H(R, 1)$





$|z|<2^{H(R,N)}$ $z\in \mathrm{E}$ , $|P(z)-Q(z)|<(N+1)2^{NH(R,N)-\nu(R,N,m)}$
, 0, 1, . . . , $N-1$ $\sigma$ , $|z_{0}-w_{\sigma(0)}|<$
$2^{-m},$
$\ldots,$ $|z_{N-1}-w,(N-1)|<2^{-m}$ .
$N=1$ , . $N>1$ , $P,$ $Q$
$|z|<2^{H(R,N)}$ $z\in \mathrm{E}$ , $|P(z)-Q(z)|<(N+1)2^{NH(R,N)-\prime(R,Vm)}$
, $|Q(z_{0})|=|P(z_{0})-Q(z_{0})|<(N+1)2^{NH(R,N)-\nu(R,N,m)}$





$i=n$ . $P^{\star}(Z)=P(Z)/(Z-z_{0}),$ $Q^{\star}(Z)=Q(Z)/(Z-w_{0})$
. ’ $2^{H(R,N-1)}<2^{H(R,N)},$ $|z-z_{0}|>2^{-\nu(R,N-1,m)-M(R,N)-3},$ $|z-w_{0}|>$










. $w\in \mathrm{E}$ $|w|<2^{H(R,N-1)}$ . ,










. , , 1, 2, . . . , $N-1$ $\tau$ , $|z_{1}-w_{\tau(1)}|<$
$2^{-m},$
$\ldots,$ $|z_{N-1}-w_{\tau(N-1)}|<2^{-m}$ . , $\sigma(0)=0,$ $\sigma(i)=\tau(i)(i>$
0) . $\text{ }$






$A_{i}$ , $\mathrm{E}$ $a_{i,0},$ $a_{\dot{l},1},$ $\ldots$ , $\forall j\forall k|a:,j-ai,j+k|<2^{-j}$
. , $P_{j}=a_{0,j}+a_{1,j}Z+\cdots+a_{N-1,j}Z^{N-1}+Z^{N}$ ,
$j,$ $k$ ( $||P_{j}-P_{j+k}||<$
.






$<$ $2^{-2^{N}\cdot j+N}\cdot(2+NR)+2^{-j}$ .
$<$ $2^{-2^{N}\cdot j+N+1}\cdot(2+NR)$ .
, $\mathrm{E}$ $\langle\langle b_{0,j}, \ldots, b_{N-1,j}\rangle : j\in \mathrm{N}\rangle$ ,
$b_{i,j}=(\varphi(P_{\nu(R,N,j)}, \nu(R, N,j)))_{i}$
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$\Sigma_{2}^{0}$ . , .
3.LL $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ , T .
1. $\Sigma_{2^{-}}^{0}\mathrm{B}\mathrm{C}\mathrm{A}$ .
2. $\Sigma_{2}^{0}$-BCA :
$\forall Nn(\varphi(l, n)rightarrow\psi(l, n))arrow\forall m\exists X(i\in Xrightarrow(i<m\wedge\exists x\forall y>x\varphi(i, y))$
, $\varphi\in\Sigma_{1}^{0},$ $\psi\in\Pi_{1}^{0}$ , $X$ .
3. $l\in \mathrm{N}$ , $l$ $A$ , $B$
$i\in Brightarrow$ ($i<l\wedge$ (A): )
.
$\mathit{1}arrow \mathit{3}$ (A): $\Sigma_{2}^{0}$ .
$\mathit{2}arrow \mathit{1}$ . $\varphi(x, y, i)\in\Sigma_{0}^{0}$ . $f,$ $g:\mathrm{N}\cross \mathrm{N}arrow \mathrm{N}$ .
$f(0, i)=g(0, i)=0$
$\varphi(f(n, i),g(n, i),$ $i)\Rightarrow[f(n+1, i)=f(n, i),g(n+1, i)=g(n, i)+1]$
$\neg\varphi(f(n, i),g(n, i),$ $i)\Rightarrow[f(n+1, i)=f(n, i)+1, g(n+1, i)=0]$
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, $g(y, i)\neq 0$ $\Delta_{1}^{0}$ ,
$\exists x\forall y\varphi(x, y, i)rightarrow\exists x\forall y>x(g(y, i)\neq 0)$
.
\rightarrow . $\exists x\forall y\varphi(x, y, i)$ . $\Pi_{1}^{0}$-LNP $\forall y\varphi(x, y, i)$ $x$
. ,
$\forall z<x\exists y\neg\varphi(z, y, i)\wedge\forall y\varphi(x, y, i)$
, $j<x+1$ , $f(l, i)=j\wedge g(l, i)=0$ $l$
$\Sigma_{1}^{0_{-}}1\mathrm{N}\mathrm{D}$ . $j=x$ $f(l, i)=x\wedge g(l, i)=0$ $l$
$\forall l’>l(g(l’, i)\neq 0)$ .
. $\exists x\forall y>x(g(y, i)\neq 0)$ , $\Sigma_{1}^{0_{-}}\mathrm{I}\mathrm{N}\mathrm{D}$ ( ) $\forall y(g(y, i)\neq 0)$
$\exists x(g(x, i)=0\wedge\forall y>x(g(y, i)\neq 0))$ . $g(0, i)=0$
. $x$ . , $\Sigma_{1^{-}}^{0}1\mathrm{N}\mathrm{D}$ ,
$z\in \mathrm{N}$
$f(x+z, i)=f(x, i)\wedge g(x+z, i)=z\wedge\varphi(f(x+z, i),g(x+z, i),$ $i)$
. $x’=f(x, i)$ , $\forall z\varphi(x’, z, i)$ .
$\mathit{3}arrow \mathit{2}$ . $\varphi\in\Sigma_{1}^{0},$ $\psi\in\Pi_{1}^{0}$ $\forall l\forall n(\varphi(l, n)rightarrow\psi(l, n))$ . $\Delta_{1}^{0}$
$(x, i)\in Xrightarrow\varphi(x, i)$ $X$ . 2 $\langle q_{i,j} : i,j\in \mathrm{N}\rangle$
$q_{i,0}=0$
$q_{i,j+1}=\{$
$q:,j$ $(j, i)\in X$
$q_{i,j}+2^{-j^{2}-1}$ $(j, i)\not\in X$
. $A_{i}.=\langle q_{i,j} : j\in \mathrm{N}\rangle$ . $A_{:}$ 2 , $2^{-j^{2}-1}$ ,
$\varphi(j, i)$ , 0 , 0
. ,
$A_{i}\in \mathbb{Q}rightarrow\exists x\forall y>x\varphi(y, i)$
.
\leftarrow . \rightarrow . $\forall x\exists y>x\neg\varphi(y, i)$ .
$n\in \mathrm{N}$ -{0}& $nA_{i}\not\in \mathbb{Z}$ . $2^{k}\leq n<2^{k+1}$ $k\in \mathrm{N}$ . ,
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$2^{k+1}Aj$ $B$ $\forall x\exists y>x\neg\varphi(y, i)$ 0 , $\langle q:,j\rangle$ $2^{-2k}$
. $0<B<2^{-2k}\leq 1/n$ . $2^{k+1}nA_{i}\not\in \mathbb{Z}$ . $nA_{i}\not\in \mathbb{Z}$ .
, .
3.12. $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ , .
1. $\mathrm{A}\mathrm{C}\mathrm{A}_{0}$
$\mathit{2}$. $\Sigma_{1}^{0_{-}}\mathrm{C}\mathrm{A}$
3. $A$ , $B$
$i\in Brightarrow((A):=0)$
.
4. $A$ , $B$
i\in B\leftrightarrow ((A): )
.
5. $E\in \mathbb{R}^{\mathrm{N}}$ , $V_{E}=\langle$ $V_{E}(s)$ : $s$ RCOF $\rangle$ ,
2.12 $V_{E}$ .
6. $E\in \mathbb{R}^{\mathrm{N}}$ , $B$ ,
$i\in Brightarrow \mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(i, E)$
.
$\mathit{1}rightarrow \mathit{2}$ [5] .
$\mathit{1}arrow\theta$ $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}$ $\Delta_{2}^{0}$ . $\mathit{1}arrow \mathit{5}$ $V_{E}(t)=A\mathrm{B}^{\mathrm{f}}\Delta_{2}^{0}$
’
. $\mathit{6}arrow \mathit{3}$ .
$\mathit{5}arrow \mathit{3}$ . $V_{E}(v_{i}/v:)=\langle q_{0}^{i}, q_{1}^{\dot{\iota}}, \ldots\rangle$ , $X$ $i\in Xrightarrow q_{2}^{i}<1/2$
. $\mathit{3}arrow \mathit{2}$ . $\varphi\in\Sigma_{0}^{0}$ , $f$ : $\mathrm{N}arrow \mathrm{N}$ $f(i,j)=[\varphi(i, n)$ $n<j$ ,
$n<j$ . , 2
$\langle q:,j:i,j\in \mathrm{N}\rangle$ $q:,j=2^{-f\mathrm{t}i_{\dot{\beta})}}$ . $((A):)_{j}=q:,j$ , $A$
, $(A)_{i}\neq 0rightarrow\exists j\varphi(i,j)$ . , $\mathrm{Y}$ $y\in \mathrm{Y}rightarrow(A)_{y}$ $=0$ , $X$
$x\in Xrightarrow x\not\in \mathrm{Y}$ $x\in Xrightarrow\exists j\varphi(i,j)$ .
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$\mathit{1}arrow \mathit{4}$ (A): $\Sigma_{2}^{0}$ . $\mathit{4}arrow \mathit{2}$
3. .
, $\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ SSC .
3.13( ). $\Gamma$ . $\Gamma$-BDC
$\forall n\forall X\exists \mathrm{Y}\varphi(n, X, \mathrm{Y})arrow\forall l\exists Z\forall n<l\varphi(n, (Z)_{n},$ $(Z)_{n+1})$
. , $\varphi\in\Gamma$ , $Z$ .
$\Gamma- \mathrm{B}\mathrm{D}\mathrm{C}’$
$\forall n\forall X\exists \mathrm{Y}\varphi(n, X, \mathrm{Y})arrow\forall l\forall Z\exists W[(W)_{0}=Z\wedge\forall n<l\varphi(n, (W)_{n}, (W)_{n+1})]$
$\mathrm{R}\mathrm{C}\mathrm{A}_{0}$ , , $k$ , $\mathrm{R}\mathrm{C}\mathrm{A}_{0}+\Sigma_{k}^{0}$ -BDC $\Sigma_{k}^{0_{-}}1\mathrm{N}\mathrm{D}$
, $\mathrm{W}\mathrm{K}\mathrm{L}_{0}+\Sigma_{2}^{0_{-}}1\mathrm{N}\mathrm{D}$ $\Sigma_{2}^{0}$-BDC
([7] ).
3.1.4. $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}$ $\mathrm{R}\mathrm{C}\mathrm{A}_{0}+\Sigma_{2}^{0}$-BDC ..
$\forall n[\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\exists v_{i+n-1}\exists v_{i+n-2}\cdots\exists v_{i}\varphi, E)\Rightarrow\exists A\in \mathbb{R}^{n}(\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi, E_{A}^{\dot{l}}))]$
, $E_{A}^{i}=E_{(A4)_{0},(A)_{1},\ldots,(A)_{n-1}}^{i,\dot{\iota}+1,\ldots,i+n-1}$ . ,
$\forall n[\mathrm{S}\mathrm{A}\mathrm{T}_{\mathbb{R}}(\exists v_{i_{0}}\exists v_{i_{1}}\cdots\exists v_{\dot{\iota}_{n-1}}\varphi, E)\Rightarrow\exists A\in \mathbb{R}^{n}(\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\varphi, E_{(A)_{0},(A)_{1},\ldots,(A)_{n-1}}^{\dot{l}_{0},\dot{l}1}’\ldots,)i_{n-1})]$
.
$\varphi(m, \gamma, i, F, F’)$ “$\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\exists v_{i+m}\exists v:+m-1\ldots\exists v_{i}\gamma, F)$ $\neq i+m((F)_{j}=$
$(F’)_{j})$ $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\exists v_{i+m-1}\exists v_{i+m-2}\cdots\exists v_{i}\gamma, F’)]$
”
$\Sigma_{2}^{0}$ .
, $m,$ $i,$ $\gamma,$ $F$ , $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathbb{R}}(\exists v:+m\exists v_{i+m-1}\cdots\exists v_{\dot{l}}\gamma, F)$ 2.1.4
$\mathrm{S}\mathrm{A}\mathrm{T}_{\mathbb{R}}(\exists v_{i+m-1}\exists v_{i+m-2}\cdots\exists v_{i}\gamma, F_{B}^{i+m})$
$B$ . $F’=F_{B}^{i+m}$ $\forall j\neq i+m((F)_{j}=(F’)_{j})$ $\mathrm{S}\mathrm{A}\mathrm{T}_{\mathrm{R}}(\exists v_{i+m-1}$
$\exists v_{i+m-2}\cdots\exists v_{i}\gamma,$ $F’)$ . $\forall m\forall F\exists F’\varphi(m, \gamma, i, F, F’)$ . , $\Gamma$-BDC’ $(W)_{0}=$
$E\wedge\forall m<n\varphi(m, \gamma, i, (W)_{m}, (W)_{m+1})$ $W$ . $A\in \mathbb{R}^{l}$ $(A)_{j}=((W)_{n})_{i+n-j}$
, $\Sigma_{2^{-}}^{0}1\mathrm{N}\mathrm{D}$ , $l\in \mathrm{N}$
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